Remarks 

The Applicants have amended the Specification to place it into final condition for allowance. 

Claim 1 1 has been amended to remove one of the four Q moieties and the associated moieties 
associated with the removed Q moiety. Claim 1 1 has further been amended to recite that the nausea 
and vomiting that is being treated is caused by a jLt-opioid agonist compound. Support may be found 
in the Applicants' Specification on page 15 in the first fiill paragraph. 

The Applicants have cancelled Claims 13, 15 and 17-22. Finally, the Applicants have 
amended Claim 16 to depend fi-om Claim 1 1 in view of the cancellation of Claim 15. Entry of the 
above amendments into the Official File is respectfiiUy requested. 

Claims 15-16, 20 and 22 stand rejected under 35 U.S.C. §112, first paragraph. The 
Applicants respectfully submit that the rejection is now moot with respect to cancelled Claims 1 5, 20 
and 22. The Applicants also respectfully submit that the rejection of Claim 16 is now moot in view 
of the change in dependency to Claim 11. Withdrawal of the rejection is respectfully requested. 

Claims 1-22 stand rejected under 35 U.S.C. §103 over the combination of Choi and Rudd 
with Portoghese. The Applicants respectfully submit that the rejection is now moot with respect to 
cancelled Claims 13, 15 and 17-22. The Applicants nonetheless respectfully submit that one skilled 
in the art would not make the hypothetical combination and, in any event, such a hypothetical 
combination would still fail to resuU in the subject matter of the rejected claims. Details are set forth 
below. 

The Applicants respectfully submit that Portoghese fails to disclose, teach or suggest a 
method of treating nausea and vomiting caused by a /x-opioid agonist compound. In fact, the 
Applicants have carefully reviewed the entire Portoghese disclosure and it fails to provide disclosure 
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with respect to treating nausea and emesis, irrespective of the cause such as the claimed /i-opioid 
agonist compound. 

Thus, the rejection turns to Rudd and Choi to make up for such deficiencies. The problem is 
that both of the secondary and tertiary references fail to provide disclosure that would remedy the 
deficiencies of Portoghese. 

With respect to Rudd, the rejection states: 

Rudd et al. teach naltrindole, naltrexone and naloxone (drugs having the same 
core structure of that of naltrindone (see enclosed attached structures) to 
inhibit the emetic reflex (vomiting) (see abstract and also page 82 (section 4.3 
first para.) as in claims 20-22. Also note that the anti-emetic action of 
fentany [sic] is antagonized by the opioid receptor antagonist naltrxone [sic]. 

The Applicants respectfiilly submit that Rudd, irrespective of the characterizations set forth above in 

the rejection, fails to cure the deficiencies of Portoghese with respect to teaching methods of treating 

nausea and vomiting caused by a /i-opioid agonist compound as recited in the Applicants' claims. 

First, it should be noted that the emesis of Rudd is induced by nicotine. The testing in Rudd 
is directed to determining the anti-emetic action of fentanyl to counteract the emesis induced by 
nicotine. That has nothing to do with the Applicants' claimed subject matter wherein the treatment 
of nausea and vomiting is caused by a jLt-opioid agonist compound. 

The second part of the teachings of Rudd is to whether opioid receptor antagonists such as 
naltrexone, naloxone and naltrindole antagonize fentanyl in the context of the inducement of emesis 
by nicotine. Rudd found that naltrexone, naloxone M8008 and MR2266 successfully antagonized 
the anti-emetic action of fentanyl. However, the Applicants respectfully submit that there is no 
disclosure in Rudd concerning the anti-emetic effect of naltrexone, naloxone and naltrindone on 
nicotine, which was the substance that induced emesis. 
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Moreover, Rudd discovered that a number of the opioid receptor antagonists did not 
antagonize the anti-emetic action of fentanyl. Those failed opioid receptor antagonists included 
naloxone methylbromide, naloxone methyliodide, naltrindole, DEPPA and naloxonazine. Thus, the 
Applicants respectfully submit that Rudd actually demonstrates that various of the known opioid 
receptor antagonists are not predictive of success in antagonizing fentanyl. Of course, this is far 
removed from whether such opioid receptor antagonists would be effective for treating nausea and 
vomiting caused by a /x-opioid agonist compound as claimed by the Applicants. 

Thus, the compounds of Rudd as noted in the rejection, such as naltrindole, naltraxone and 
naloxone, are actually demonstrated to not be predictable in their effectiveness irrespective of any 
similarities in "core structure'* as shown in the "e-molecules" attachment. In fact, careful scrutiny of 
that document (e-molecules) demonstrates that there are very significant chemical differences 
between those structures. For example, naltrindole has a five-membered nitrogen containing ring 
and a benzyl ring, which is nowhere to be found in both naltrexone and naloxone. Those skilled in 
the art are readily aware that such differences in chemical structure can provide radical differences in 
activity. In fact, the Applicants respectfully submit that Rudd demonstrates that fact. Therefore, the 
Applicants respectfully submit that any core structure similarity is inapplicable given the actual 
results discovered by Rudd that naltrindole was not effective to antagonize the anti-emetic action of 
fentanyl, while naltrexone and naloxone were. 

In any event, the Rudd disclosure, as noted above, is directed to antagonization of the anti- 
emetic action of fentanyl by opioid receptor antagonists in the context of emesis inhibited by 
nicotine. This has nothing to do with the AppUcants' rejected claims and nothing to do with 
Portoghese. The Applicants claim a method of treating nausea and vomiting caused by a ^-opioid 
agonist compound which is sharply different from nausea and vomiting caused by nicotine. Thus, 



18 



one skilled in the art would not combine Rudd with Portoghese and, even if one skilled in the art 
were to do so, the resulting teachings would still not result in the Applicants' claimed method of 
treating nausea and vomiting caused by a jLt-opioid agonist compound. 

The Applicants respectfully submit that the Choi disclosure does nothing to cure the 
deficiency set forth above with respect to both of Rudd and Portoghese. In that regard, Choi 
discloses: 

Small doses of the opioid antagonist naloxone administered intravenously 
maintain analgesia and reduce epidural morphine-induced side effects 
effectively. 

The Applicants respectfully submit that the Choi disclosure does not cure the deficiencies of Rudd 
and Portoghese. The fact the naloxone, which is structurally completely different from the claimed 
compounds, can reduce epidural morphine-induced side effects fails to provide disclosure of treating 
nausea and vomiting caused by a jLt-opioid agonist compound with the agents claimed by the 
Applicants. In that regard, both Rudd and the e-molecule article demonstrate that naloxone is 
structurally very, very different from other opioid antagonists and has completely different effects. 
Rudd demonstrated that while naloxone and naltrexone were successful in antagonizing the anti- 
emetic effect of fentanyl in an emetic situation induced by nicotine, they also found that naltrindole 
was unsuccessful. Moreover, Rudd found that various salts of naloxone were unsuccessful. What 
this means to those skilled in the art is that there is no reasonable expectation of success that the 
Choi disclosure with respect to naloxone could or would apply to the compounds of Portoghese or 
the Applicants. Thus, one skilled in the art would not make the hypothetical combination. 

However, there is more. Dependence and physical tolerance tend to develop upon repeated 
administration of morphine, which is an opioid agonist (enclosed Reference 1, page 4, hnes 4-5). 
However, it can be said that they have no relation to nausea and vomiting that can occur as adverse 
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reactions of morphine (Reference 1, page 8, lines 11-12). Thus, although Portoghese shows that 
naltrindole (NTI) is effective for treatment of dependence and tolerance, it does not mean that 
naltrindole (NTI) is effective for treatment of nausea and vomiting. 

A variety of pharmacological actions may originate from opioid receptors and a particular 
action that actually develops depends on the type of the opioid receptors involved (enclosed 
Reference 2). For example, three types of agonists, /x, 6 and /c, can work to develop analgesia. 
However, only the k agonists have psychotomimetic and diuretic actions. As suggested by 
Portoghese, therefore, a fi agonist, for instance, can serve as an analgesic that is free of side effects 
such as psychotomimesis and diuresis that may be caused by other types of agonists such as k. Thus, 
Portoghese does not at all disclose that naltrindole (NTI) can be effective for treatment of nausea or 
vomiting that occurs as a side effect of morphine. 

Naltrexone and naloxone are fi antagonists which generally antagonize all actions of 
morphine, a jx agonist. Therefore, although they can control nausea and vomiting, ordinary systemic 
administration will retard the analgesic effects of morphine as well (enclosed Reference 3, page 
1690, Fig. 2, left-lower) and cannot be effective in most cases for treatment of nausea and vomiting 
caused by morphine (Paragraph [0003] of the Applicants' Specification). 

Choi discloses that when administered by a special procedure (epidural administration), 
naloxone can alleviate vomiting without reducing the analgesic effects of morphine. However, it is 
unknown whether similar results would be produced by systemic administration. 

The Applicants respectfully submit that the claimed subject is non-obvious in discovering 
that the naltrindole (NTI) does not impair the analgesic effects of morphine (Reference 3, page 1 690, 
Fig. 2, left-lower) and can be effective selectively for treatment of nausea and vomiting as shown in 
the Applicants' Specification, because it is selective for the 6, instead of /x, receptors (enclosed 
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Reference 4). 

There are complicated relationships between opioids, the /x agonist in particular, and emesis. 
A small dose of morphine can induce emesis while a large dose of morphine inhibits emesis 
(enclosed Reference 5, Abstract). The Applicants' claims are intended for treatment of such emesis 
caused by a small dose of morphine. Rudd focuses on the emesis-inhibiting action of fentanyl, 
which is a /i agonist, and studies the mechanism of its action to inhibit nicotine-induced nausea 
(identification of specific opioid receptor type involved) (Abstract, lines 1-3). 

It is concluded that antagonism experiments with various opioid antagonists show that the 
anti-emetic action of fentanyl originates from fil receptors (Abstract, line 6). Some of the 
antagonism experiments use naltrindole as 8 antagonist. Their results, however, only suggest that 
naltrindole has no influence on the anti-emetic effect of fentanyl and the are no findings on the 
effects on emesis induced by a small dose of fi agonists. Rudd also describes that a large dose of 
naloxone and naltrexone can induce emesis (Abstract, lines 7-8), and that fentanyl does not induce 
emesis when administered in doses used in the experiments for antagonism to the anti-emetic effect 
of fentanyl (page 82, section 4.3, paragraph 1, lines 3-4). Thus, Rudd is inapplicable, taken alone or 
with the other references. Withdrawal of the rejection is respectfully requested. 

Li light of the foregoing, the Applicants respectfully submit that the entire application is now 
in condition for allowance, which is respectfully requested. 



Respectfully submitted. 




T. Daniel Christenbury 
Reg. No. 31,750 
Attorney for Applicants 



TDC/vbm 
(215) 656-3381 
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SECTION III DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 
Table 23-2 

Actions and Selectivities of Opioids at the Various Opioid Receptor Classes 

RECEPTOR TYPES 



ft S Ki K3 

Drugs 



Morphine 


+ + + 




+ 


+ 


Methadone 


+ + + 








Etorphine 


+ + + 




+ + + 


+ + + 


Levorphanol 


+ + + 




NA 


+ + + 


Fentanyl 


+ + + 








Sufentanil 


+ + + 


• + 


+ 




DAMGO 


+ + + 






+ 


Butorphanol 


P 


NA 


+ + + 


NA 


Buprenorphine 


P 


NA 


— 


NA 


Naloxone 






— 




Naltrexone 













CTOP 












Diprenorphine 





— 








y3-Funaltrexaniine 





— 




NA 


Naloxonazine 


^ ^ _ 











Nalorphine 









+ + + 


Pentazocine 


P 




+ + 


+ 


Nalbuphine 










Naloxone benzoylhydrazone 










+ + + 


Bremazocine 


+ + + 


+ + 


+ + + 




Ethylketocyclazocine 


P 




+ + + 


+ + + 


U50.488 






+ + + 




U69.593 






+ + + 




Spiradoline 


+ 




+ + + 




nor-Binaltorphimine 


_ 


— 





_ 


Naltrindole . 










DPDPE 




+ + 






[D-Ala^,Glu'^]deItorphin 










DSLET 


+ 


+ + 






Endogenous Peptides 










Met-enkephalin 


+ + 


+ + + 






Leu-enkephalin 


+ 4- 


+ + + 






/3-Endorphin 


+ + + 


+ + + 






Dynorphin A 


+ + 




+ + + 


NA 


Dynorphin B 


+ 




+ + + 


NA 


a-Neoendorphin 






+ + + 


NA 



Activities of drugs are given at the receptors for which the agent has reasonable affinity. +, agonist; ~, 
antagonist; P, partial agonist; NA, data not available or inadequate; DAMGO, CTOP, DPDPE, DSLET, 
see Table 23-1. The number of symbols is an indication of potency; the ratio for a given drug denotes 
selectivity. These values were obtained primarily from animal studies and should be extrapolated to 
human beings with caution. Both jS-fiinaltrexamine and naloxonazine are irreversible fi antagonists, 
but ^funaltrexamine also has reversible k agonist activity. 
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able 23-3 

iassification of Opioid Receptor Subtypes and Actions from Animal Models 



RECEPTOR SUBTYPE 



AGONISTS 



ANTAGONISTS 



-algesia 
Supraspinal 
Spinal 

espiratory function 
"Gastrointestinal tract 
'^ychotomimesis 
Jeeding 
^"edation 
iuresis 

lormone regulation 
Prolactin 
Growth hormone 
•'Neurotransmitter release 
Acetylcholine 
Dopamine 
' isolated organ bioassays 
Guinea pig ileum 
Mouse vas deferens 



flu '<3> ^1. ^2. 
K 

At, K, 5 

/I. K 

fi2 and/or 8 

Ma 
8 



Analgesic 
Analgesic 
Decrease 
Decrease transit 
Increase 
Increase feeding 
Increase 
Increase 

Increase release 
Increase release 

Inhibit 
Inhibit 

Decrease 
Decrease 



No effect 
No effect 
No effect 
No effect 
No effect 
Decrease feeding 
No effect 



Decrease release 
Decrease release 



No effect 
No effect 



The actions listed for antagonists are seen with the antagonist alone. The subtypes responsible for a number of actions attributed to a general family 
of receptor have not been identified. All the correlations in this table are based on studies in rats and mice, which occasionaUy show p^^ies dif 
ferences. Thus, any extensions of these associations to human beings are tentative. Clinical studies do indicate thai fi receptors elicit analgesia 
both spinally and supraspinally, but the subtypes have not been identified. Preliminary work with a synthetic opioid peptide. [D-Ala2,D- 
Leu^] enkephalin, suggests that intradiecal 8 agonists are analgesic in human beings. 
source: Modified fi-om Pasternak (1993). 



Ki receptor. Administration of U50,488H splinally elicits 
analgesia in animal models. K2 Receptors were proposed 
from binding studies, but their pharmacological properties 
remain unknown. K3 Receptors also were first identified in 
binding studies (Clark et al, 1989), and their pharmaco- 
logical properties are moderately well established {see 
Pasternak, 1993). Unlike /ci receptors, which produce anal- 
gesia spinally, K3 receptors relieve pain through supraspinal 
mechanisms. Although effects of K3 receptors are readily 
reversed by a number of opioid antagonists, no Ka-selec- 
tive antagonists have been identified. K3 Receptors corre- 
spond to Martin's nalorphine (N) receptors (Martin and 
Sloan, 1977; Paul et al, 1991). 

Delta Receptors. The enkephalins are the endogenous 
ligands for d receptors. Our understanding of 5 receptor 
pharmacology has relied heavily on the developnlent of 
highly selective agonists and antagonists, such as nal- 
trindole. Using these drugs, investigators have established 
6 analgesia both spinally and supraspinally, although the 
spinal system appears to be more robust. Two subclasses. 
5i- and 62-opioi<i receptors, have been proposed based on 



their differential sensitivity to blockade by several novel 
antagonists (Portoghese et al, 1992; Sofuoglu et al, 1991). 
The agonists [D-Pro^.Glu^Jdeltorphin and DSLET prefer- 
entially bind to 62 receptors, whereas DPDPE has higher 
af&nity for d\ receptors. 

Molecular Cloning of Opioid Receptors, Members of each class 
of opioid receptor have been cloned from human cDNA and their 
predicted amino acid sequences obtained (see Figure 23-2 and Table 
23-4). Their amino acid sequences are approximately 65% identical, 
and they have little sequence similarity to other G protein-coupled re- 
ceptors, except receptors for somatostatin (Reisine and Bell, 1993). 
The regions of highest similarity in sequence are the sequences pre- 
dicted to lie in the seven transmembrane-spanning regions and the in- 
tracellular loops. Regions of amino acid sequence divergence are the 
amino and carboxy termini and the second and third extracellular loops. 
The extracellular regions that differ in amino acid sequence may con- 
tain the unique ligand-binding domains of each receptor, whereas the 
different intracellular domains may be involved in their differential reg- 
ulation and may contribute to variations in their coupling to effector 
systems. As the human opioid receptor genes have multiple introns, 
subtypes of fL» and 5 receptors may result from alternative splicing. 

The functional significance of the cloned receptors has been es- 
tablished with antisense approaches in' rodent model systems. Using 
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Summary 

TRK-820, a new type of 4,5-epoxymorphinan derivative, was investigated in 
' vivo for antinociceptive activities and its selectivity on various opioid receptors in 
mice. TRK-820 given sx. or p.o. was found to be 351- and 796-fold more potent 
than U50,488H with acetic acid-induced abdominal constriction test. The duration 
of the antinociceptive effect produced by TRK-820 was longer than that produced 
by ji-opioid receptor agonist morphine or other K-opioid receptor agonists. In 
addition, with four other antinociceptive assays, low temperature hot plate (5 1 °C), 
thermal tail flick, mechanical tail pressure and tail pinch tests, TRK-820 was also 
found to be 68- to 328-fold more potent than U-50488H, and 41- to 349-fold more 
potent than morphine in. producing antinociception, as comparing the weight of the 
different compound. However, TRK-820 was less active in inhibiting the high 
temperature (55*^ C) hot plate response. The antinociceptive effects produced by 
TRK-820 were inhibited by nor-BNI, but not by naloxone or naltrindole (NTI) with 
the abdominal constriction test, indicating that the antinociception is selectively 
mediated by the stimulation of k-, but not ^l- or 6- opioid receptors. Co- 
administration of TRK-820 with morphine slightly enhanced the antinociception 
induced by morphine in the mouse hot plate test. On the other hand, pentazocine 
significantly reduced the morphine-induced antinociception. TRK-820 produced 
sedation at doses, which are much higher than the doses for producing 
antinociception; These results indicate that the potent antinociception induced by 
TRK-820 is mediated via the stimulation of K-, but not \xr or 6-opiod receptors. 

Key Words: k agonist, antinocicepdon, opioid receptor. TRK-820 

Opioid receptors have been classified into pt-, 8- and K-opioid receptors based on their 
different pharmacological profiles in chronic spinal dogs (1), isolated tissues- and radioligand 
bindings in brain membrane preparation (2,3,4). Although |x opioid receptor agonists such as 
morphine and fentanyl are clinically important in the treatment of pain, they are associated with 
undesirable side effects, including respiratory depression. (5), constipation (6,7) and dependence 
liability (8). On the other hand, K-opioid receptor agonists such as U-50488H (9), U-69593 (10), 

^Correspondence to:[e-mail]Takashi_Endo@nts.toray.co.jp 
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PD-117302 (11), and CI-977 (12) produce antinociceptive effects in animal models without the 
morphine-like side' effects. However, they cause dysphoria and psychotomimetic effects. These 
K-agonists have common chemical structures such as the [N-C-C-N(SP2)] pharmacophore 
sequence. They do not have tyrosine-glycine moiety, which is essential for opioid activity of the 
endogenous opioid peptides. We, therefore, designed a nevv type of K-opioid receptor agonist 
with a novel chemical structure, which contains a tyrosine-glycine moiety in an attempt to 
eliminate the side effects shared by arylacetamide series. We have successfully synthesized a 
compound, TRK-820 (13) which is a (-)-17-cyclopropylmethyl-3,14b-dihydroxy-4,5a-epoxy- 
6b-[N-methyl-trans-3r(3-furyl)acrylamide] morphinan hydrochloride. This morphinan analogue 
is a potent and selective K-opioid receptor agonist in in vitro experiments with guinea pig ileum 
and mouse vas deferens preparations (13), The present study demonstrates that TRK-820 is a 
selective K-opioid receptor agonist, which produces antinociceptive effects selectively by the 
stimulation of k-, but not [x- or 8-opioid receptors. 

Materials and methods 

Animals 

Male ddY mice (Japan SLC), 4-5 weeks of age, were used. Animals were housed 5 per cage 
with food and water freely available in an room maintained at 22° C with an alternating 12-h 
light/dark cycle. Ten to 20 mice were used per treatment group. 

Antinociceptive tests 

Abdominal constriction test: Abdominal constriction was induced by the injection of 0.6 % of 
acetic acid (10 ml/kg body weight, i.p.). An abdominal constriction was defined as a wave of 
contraction of the abdominal musculature followed by extension of the hind limbs. Acetic acid 
solution was injected i.p. 30 min after the administration of the opioid drug being studied and the 
number of abdominal constriction was counted for 10 min after acetic acid administration. Percent 
analgesia was expressed as: 100 x (No. of mean control abdominal constriction - No. of test 
abdominal constriction) / No, of mean control abdominal constriction. 

To determine time course of antinociceptive activity mice were dosed with each drug 
subcutaneously and nociceptive response determined at one of the following time intervals: 15, 
30, 60, 180 and 240 min. Each mouse was used for only once during this study. 

Hotplate tests: To hot plate (MK-350; Muromachi, Japan) tests were used at high temperature 
(55,0°C ; ranging from 54.8^C to 55.2**C) and low temperature (51.0°C ; ranging from 50.8°C to 
5L2°C). Mice were placed on the heated smooth surface, and the latency to licking, shaking of 
the limbs or jumping was measured. Prior to drug administration, the nociceptive response of 
each mouse was measured three times. The first measurement was omitted and the mean of the 
2nd and 3rd responses was used as pre-drug latency for each mouse. The cut-off times of 30 sec 
for the high temperature 55 °C hot plate test and 60 sec for the low temperature 51.0°C hot plate 
test were used in these tests to minimize tissue damage. 

Tail flick test: Mice responded to a focused heat stimulus by flicking or removing their tail from 
the path of the stimulus, thereby exposing a photocell located in the tail flick analgesia meter • 
(MK-330A; Muromachi) immediately below the tail. The reaction time was automatically 
recorded. Prior to dosing, the nociceptive threshold- was measured three times, and the mean of 
the last two measurement of reaction times was used as pre-drug latency for each mouse. The 
cut-off time of 10 sec was used to prevent tissue damage. 

Tail pressure test: Mechanical nociceptive thresholds were measured by the Randall-Selitto 
pressure test (14) using an analg^simeter (Ugo basile, Italy). In this test, pressure is applied 
about 1.5 cm caudal from the base of tail of mice at a linearly increasing rate of 32 g/sec, and the 
pressure (g) required to elicit the tail-withdrawal response of each mouse was determined and 
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defined as the nociceptive threshold. A cut-off threshold of 500 g (based on control.thresholds of 
80 to 200 g) was used to prevent tail damage. Prior to drug injection, the nociceptive threshold 
was measured three times at intervals of 30-60 min. The first measurement was omitted and the 
mean of the next two was used as pre-drug threshold for each mouse. 

Tail pinch test: A bulldog clamp was applied as a nociceptive stimulus to the base of the tail of 
the mice. Loss of the turning response to the stimulus was taken as the' criterion for 
antinociception and thp latency to this turning response was recorded. Prior to administration of 
the compounds, the nociceptive threshold for each mouse was measured twice at a 30-min 
interval and the mean was used as pre-drug latency value. The basal latency was approximately 
2 sec for each mouse. The bulldog clamp was released 15 sec after the beginning of this test, 
without excessive tissue injury. Each mouse was used only once during this study. 

Experimental protocols 

Antinociception was determined by .the mouse acetic acid-induced abdominal constriction 
test The antinociceptive test with or without opioid receptor antagonists was performed 30 min 
after the s.c. administration of TRK-820, morphine or U-50488H and 15 min after the i.c.v. 
administration ofDPDPE. Naloxone and naltrindole (NTI) was co-administered subcutaneously 
with TRK-820, morphine or U-50488H. When DPDPE was used, NTI was administered 15 
min before the DPDPE injection. Nor-binaltorphimine (Nor-BIN) was administered 
subcutaneously approximately 24 hr before the injection of each agonist. 

' TRK-820 was co-administered with morphine to clarify the influence of . TRK-820 .on 
morphine analgesia in the mouse hot plate test, and compared with an interaction with morphine • 
and pentazocine, agonist/antagonist. 

Rotarod test in mice 

Mice were trained to maintain their position on a rotarod 3 cm in diameter, at 8 rpm for 60 
sec or more using the Rotarod apparatus (KN-75; Natsume). The basal time required for each 
mouse .to fall off the rotarod was measured twice and the mean was used as pre-drug value. Mice 
which have pre-drug values of less than 60 sec should not be used for this test because of 
avoiding the increase in a variation from mouse to mouse in the time placed on the rotarod. The 
time duration for each mouse to fall off the rotarod was recorded. The cut-off was set at 300 sec. 
If a mouse that had been injected with the test agents or vehicle fell within 60 sec, the time 
required to fall off the rotarod was measured again and the mean of two trials was the test 
response time for each mouse. 

Data analysis 

The individual latency or threshold was converted to percent analgesia according to the 
following formula: % analgesia = (Tl - T0)/(T2 - TO) x 100, where TO is pre-drug latency or 
threshold Tl is the latency or threshold after dosing, and T2 is the cut-off All data represent 
the mean' percent analgesia ± S.E.M. The dose that produced 50 % analgesia was taken as the 
antinociceptive EDjo values for each agonist, calculated from the log-dose vs. percent analgesia 
^data by linear regression techniques (15). Four to 5 doses per each drug and 10-20 mice per each 
dose were used for the EDjo determination. Differences between morphine alone and moiphine + 
pentazocine or TRK-820 were determined by Dunnett's multiple range test (JMP version 3.1, 
SAS Institute). 

Materials 

The following drugs were used in this study. TRK-820 (Lot No. TN-101), ICI-199441 (16), 
PD-117302 (17), nor-BNI (18) and NTI (19), (synthesized in Toray Industries, Inc.. Japan) were 
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dissolved in distilled water (Otsuka, Japan). CI-977 (12) (synthesized at Toray Industries, Inc.) 
and U-69593 (Sigma, USA) were dissolved in 10% dimethyl sulfoxide (Kokusan Chemical,Japan) 
/ distilled water (Otsuka, Japan). U-50488H (20) (synthesized in Toray Research Center, Inc.), 
nalbxone(RBI), morphine (Takeda Chemical Industries), pentazocine (Sankyo, Japan) and 
DPDPE (Sigma) was dissolved in distilled water (Otsuka). 
All doses are observed as the salt form of the drug. 



Results 

Antinociceptive effects of TRK-820 and other opioid agonists given s.c. or p.o. 

TRK-820 (5-40 ng/kg) given s.c. caused a dose-dependent increase of the inhibition of the 
acetic acid-induced abdominal constriction. The inhibition of the abdominal constriction reached 
its peak 30 min after injection, gradually declined and returned to the preihjection level 4 hr after 
the injection. U-50488H, CI-977, ICM 99441 or morphine given s.c. also irihibited the abdominal 
constriction. However, the inhibition reached its peak 30 min, rapidly declined and returned to 
the preinjection level in 120 - 180 min (Fig 1). Similar time courses on the production of 
antinociception by these opioids when given p.o. were also observed. The antinociceptive ED50 
values for TRK-820 were estimated to be 3.3 and 32 fog/kg given s.c. and p.o., which were 351- 
and 796-fold more potent than U-50488H and 175- and 187-fold more potent than morphine 
given s.c. and p.o., respectively. Compared with the. other K compounds, TRK-820 appears to 
be more readily absorbed orally based on the p.o, ED50/ s.c. ED30 ratio of 9.7. This value is much 
lower than values for the other K-opioid receptor agonists, U-50488H, CI-977, ICI-1 99441 and 
PD-1 17302, which are ranged from 22 to > 145. The K-opioid receptor agonists CI-977 and ICI- 
199441 given s.c. displayed similar antinociceptive potency to TRK-820. However, these two 
compounds were much less potent than TRK-820 after p.o. administration (table 1). 



Table 1 

Antinociceptive effects in the mouse acetic acid-induced abdominal constriction test. 





Antinociceptive ED50 






Compounds 


s.c. ■ 


p.o. 


p.o.EDjo 


Duration (s.c.) 




mg/kg 




/s.c.EDjo 


hrs 


TRK-820 


0.0033 


. 0.032 


9.7 • 


3-4 




(0.0025-0.0043) 


(0.025-0.041) 






U-50488H 


1.16 


2.5.5 


22.0 


1 




(0.90-1.51) 


(20.6-31.5) 






CI-977 


0.0069 


>1.0 


>145 


1 




(0.0052-0.0092) 








ICI-199441 


o:oo7i 


0.30 


42.3 


2 




(0.0052-0.0096) 


(0.25-0.37) 






PD-1 17302 


1.22 


33.0 


27.0 


n.t. 




(0.94-1.57) 


(27.8-39.1) 






Morphine 


0.58 


6.01 


10.4 


2 




(0.48-0.71) 


(4.91-7.37) 







The antinociceptive ED50 value of each drug was calculated from data 30 min after s.c. or 
p.o. dosing. Parentheses: 95% confidence limits, n.t.: not tested 
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Fig. 1 



Time courses of the inhibition of the acetic acid-induced abdominal constriction after 
s.c. injection of TRK-820 (A) and other k -agonists (U-50488H, CI-977,ICI-1 99441 ) 
and morphine (B) Each value represents the mean db S.E.M. from 10-20 mice. 

TRK-820 given s.c. also produced a dose-dependent antinociception with the low 
temperature hot plate, tail flick, tail pressure, and tail pinch tests. With the exception of the hot 
plate tests, the potencies for TRK-820 with these antinociceptive tests are comparable to that 
with acetic acid-induced abdominal constriction test. TRK-820 was found to be less active in 
inhibiting the low teniiperature (ST C) hot plate response, and not active in inhibiting a high 
temperature (55° C) hot- plate response. The ED50 for TRK-820 for inhibiting the low 
temperature hot plate response was found to be 39-fold greater than the value with the acetic 
acid-induced abdominal constriction test (129 ng/kg with low temperature hot-plate test vs. 3.3 
jxg/kg with acetic acid-induced abdominal constriction test) and TRK-820 even at a high dose 0.2 
mg/kg only produced 32 % analgesia. 

Table 2 

Antinociceptive effects in the high (55 X), low temperature (SVC) hot plate, tail flick, tail 

pressure and tail pinch tests in mice. 



Compounds High temperature Low temperature Tail flick Tail pressure Tail pinch 
hot plate hot plate 

Antinociceptive ED50 (mg/kg, s.c.) 



TRK-820 


32.0% at 0.2 


0.129 


0.062 


0.0090 


0.035 






(0.100-0.166) 


(0.032-0.119) 


(0.051-0.016) 


(0.017-0.073) 


U-50488H 


63.8% at 20 


8.71 - 


5.18 


1.0 


11.5 






(5.88-12.9) 


(2.35-11.42) 


(0.69-1.4) 


(6.9-19.0) 


ICI-199441 


n.t. 


0.065 


0.042 


0.024 


0.051 






(0.042-0.100) 


(0.025-0.070) 


(0.018-0.031) 


(0.029-0.091) 


y-69593 


n.t. 


1.33 


n.t. 


0.48 


2.8 






(0.73-2.46) 




(0.35-0.67) 


(1.8-4.3) 


Pentazocine 


44.6% at 40 


52.2 


n.t. 


n.t. 


n.t. 






(35.8-76.0) 








Morphine 


3.65 


5.30 


5.26 


1.5 


12.2 


(3.04-4.39) 


(4.12-6.81) 


(3.79-7.32) 


(1.1-2.0) 


(2.5-58.2) 



The antinociceptive ED50 value of each drug was calculated from data 30 min after s.c. dosing. 
Parentheses: 95% confidence limits, n.t.: not tested 
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The effects of treatment with selective opioid receptor antagonsits on the antinociception induced 
byTRKr820. 

The experiments were designed to identify the types of the opioid receptors, which are 
involved in antinociception induced by TRK-820 using acetic acid-induced abdominal 
constriction assay. Subcutaneous administration of TRK-820 at doses 1-10 ng/kg caused a dose- 
dependent inhibition of the abdominal constriction response. 'Subcutaneous pretreatement with. 
nor-BNI20 mg/kg antagonized the antinociception induced by TRK-820 and the dose-response 
curve of TRK-820 were shifted to the right by 39-fold. Pretreatment with naloxone or NTI did* 
not affect the antinociception induced by s.c. administration of TRK-820. Similar results were 
obtained with U-50488H. The antinociception induced by U-50488H was significantly blocked 
by the s.c. pretreatment with nor-BNI, but not by naloxone 0.3 mg/kg or NTI 3 mg/kg. 
Subcutaneous administration of morphine at doses 0.25-2 mg/kg caused a dose-dependent 
inhibition of the abdominal constriction. The antinociception induced by morphine was not 
afifected by subcutaneous pretreatement with nor-BNI or NTI, but was significantly antagonized 
by the s.c. pretreatment with naloxone. The same dose of NTI 3 mg/kg, which did not affect the 
antinocicetion of TRK-820, U50,488H, or morphine, was found to significantly attenuate the 
antinociception induced by DPDPE given intracerebroventricularly, and the dose-response curve 
of DPDPE was shifted to the right by 6-fold (Table 3 . Fig. 2). 
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Effects of nor-BNI, naloxone and NTI on the antinociceptive action by TRK-820, 
U-50488H, morphine and DPDPE in the mouse acetic acid-induced abdominal 
constriction assay. Each value represents the mean ± S.E.M. from 10-12 mice. 
Antagonist effects of nor-BNI (20 mg/kg, s.c. at -24 hr), naloxone (0.3 mg/kg, s.c. 
at -30 min) and NTI (3 mg/kg, s.c. at -30 min). Agonist alone, +nor-BNI, 
+naloxone, . O ; +NTI , A . 
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ED50 values for TRK-820-, U-50488H-, morphine- and DPDPE-induced antinociception in the 
presence or absence of naloxone, nor-BNI and NTI in the abdominal constriction tests. 



Agonists 



Agonist alone 



+nor- 



-BNI^) 



' ■hialoxone'^) 



+NTI^) 



ED50 values (fxg/kg, s.c.) with 95% confidence limits 



TRK-820 3.3 (2.5 - 4.3) 130 (110 - 160)* 3.5 (2.7 - 4,6) 3.4 (2.7 - 4.4) 
U-50488H 1,090(870-1,370) .16,040(13,270-19,390)* 880(660-1,190) 990(730-1,340) 
Morpnine 480(370-620) 510(40-650) 3,120(2,340-4,170)* 630(500-780) 



DPDPE^) 2.91 (2.18-3.87) 



n.t 



n.t. 



18.28 (11.53 -28.99)^ 



■a)ED5o values 24 h after pretreatment with 20 mg/kg, s.c. nor-BNI. b)ED5o values 30 min after 
pretreatment with 0.3 mg/kg, s.c, naloxone. c)ED5o values 30 min after pretreatment with 3 mg/kg, 
s.c. NTL d) i.c.v, route: nmol/mouse. * Significantly different from agonist alone.' ( ): 95% confidence 
limits, n.t. : not tested. 

Interaction ofTRK'820 or pentazocine with morphine on the production of antinociception 

Pentazocine is an agonist to K-opioid receptors, but is an antagonist to ^-opioid receptors. 
To determine if TRK-820 has pentazocine-like effect, morphine 10 mg/kg alone or in combination 
with TRK-820 10 or 30 [>ig/kg or pentazocine 3 or 10 mg/kg was injected s.c. and the 
antinociception was measured with high temperature hot plate test. Co-administration of TRK- 
820 (10 and 30 jxg/kg, s.c.) with morphine slightly augmented morphine-induced antinociception. 
On the other hand, pentazocine significantly reduced the peak antinociceptive effect of morphine 
(Fig. 3). TRK-820 or pentazocine given alone at the doses used did not affect the high 
temperature hot plate latencies (data not shown). 



Morphine 10mg/kg»s.c. 
Morphine + TRK-820 g/kg, s.c. 
Morphine + TRK-820 30 ^£ g/kg,s.c. 



Morphine lOmg/kg, s.c. 

Mo rphlne-f pentazocine 3 m^kg, s.c. 

Morphine+pentHZOcine 10 mg/kg, s.c. 



lOCh 



.2 60 




100-1 



-20 0 20 . 40. 60 80 100 120 

Time (min) 




LOO 120 



Time (min) 



Fig. 3 



Interaction of morphine with TRK-820 (A) or pentazocine (B) on the antinociceptive 
action in the mouse high temperature hot plate test. Each value represents the mean ± 
S.E.M. Ten to 12 mice per group were used. * P<0.05 compared with morphine alone. 
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Table 4 

Sedative effects in mouse rotarod test. 



Compounds 


Sedative ED50 values 


Sedative ED<ft 




(mg/kg, s.c.) 


/Antinociceptive EDjo^) 


TRK-820 • 


0.027 


8.2 




(0.020-0.035) 




U-50488H 


1.6 


1.4 




(1.1-2.1) 




ICI- 199441 


0.0052 


0.73 




(0.0039 -0.0069) 




CI-977 


0.031 


4.5 




(0.022 - 0.044) 





a) ED50 values obtained from mice acetic acid-induced abdominal constriction test. 



Rotarod test 

Inhibition of rotarod performance (sedative activity) was determined by ability of mice to 
maintain their position on an accelerating rotarod, TRK-820 caused a dose-related inhibition of 
rotarod performance in mice. Other K-opioid receptor agonists, U-50488H, ICI- 199441 and CI- 
977, also disturbed rotarod performance in a dose-dependent manner. The ratio of the sedative 
ED5(f value to the antinociceptive ED50 value (mouse acetic acid-induced abdominal constriction 
test) was found to be much greater for TRK-820 (ratio = 8.2) than those for U-S0488H (ratio = 
1.4) and ICI-199441 (ratio == 0.73) (Table 4). 

Discussion 

We recently developed d, new type of K-opioid receptor agent TRK-820 which contains 4,5- 

epoxymorphinan structure but not the [N-C-C-N(SP2)] pharmacophore sequence (13). TRK-820 
was found to produce a potent inhibition of the. electrically-evoked contractions of the mouse vas 
deferens (MVD) and guinea pig ileum (GPI), and showed full agonist properties. The Ke values 
for the opioid antagonists - naloxone, NTI and nor-BNI were 20.7 nM, 26.9 nM and 0.20 nM, 
respectively, in the MVD preparation, and for antagonisits-naloxone and nor-BNI were 14.5 nM 
and 0.052 nM, respectively, in the GPI preparation, supporting that the selective K nature. In 
the present study, we clearly demonstrated for the first time in in vivo experiments that TRK- 
820 displayed potent and highly selective K-opioid receptor agonistic actions to produce 
antinocjception. The findings are consistent with the previous findings in in vitro experiments 
reported (13). Following systemic administration, TRK-820 produced a potent and long-lasting 
antinociceptive effect in various ajsay types of noxious stimuli including chemical, mechanical, 
and thermal stimuli in the mouse. On the contrary, TRK-820 was less effective in inhibiting hot 
plate response as compared to that of morphine. The ineffectiveness of TRK-820 to inhibit the 
high temperature hot plate response was consistent with its profile as a K-opioid receptor 
agonist. Studies by others reported that K-opioid receptor agonists are ineffective or less 
effective in inhibiting the hot plate response (17, 21). It should be noted that TRK-820 can 
possess a potent antinociceptive action even after p.o. administration. Other K-opioid receptor 
agonists U-50488H, CI-977, ICI-199441 and PD-177302 were found to be less effective when 
taken orally. The results indicate that TRK-820 may be rapidly and more modestly absorbed 
when given by the oral route. 

In terms of interaction of morphine with TRK-820 or pentazocine, co-administration of 
morphine with TRK-820 at doses of 10 and 30 [xg/kg, s.c, which given alone did not affect the 
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. latencies of hot plate response, slightly augmented the morphine-induced antinociceptive effect 
with the hot plate test. On the other haiid, a mixed agonist/antagonist pentazocine at the doses of 
3 and 10 mg/kg, s.c, which given alone did not affect hot-plate latencies, significantly . reduced the 
morphine-induced hot plate inhibition These findings provide strong evidence that TRK-820 
when given systematically within the antinociceptive dose range can selectively act as a agonist • 
on K-6pioid receptors without ^-antagonistic effect. 

Kappa drugs produced substantially greater sedation than other opiates and have been 
evaluated as anesthetic agents. TRK-820 also produced sedation, at high doses, but not at the 
doses which produce antinociception. The therapeutic index of TRK-820, the ratio of the dose 
to produce sedative effects over the dose to produce antinociception, was larger than other k- 
opioid receptor agonists such as U-50488H and ICI-199441. Furthermore, TRK-820 displays a 
lack of cross-tolerance to the U-50488-induced antinociception in mice (unpublished 
observation). Although more extensive studies are required, these findings suggest the possibility 
that TRK-820 may act on different subtypes of K-opioid receptors (such as ki or Ks-opioid 
receptors). 

In conclusion, TRK-820 possesses a potent antinociceptive action selectively through the 
activation of K-opioid receptors without appreciable effects at (i- and 5-opioid receptors in in 
vivo experiments as well as in in vitro experiments. 
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The actions of fentanyl to inhibit drug-Induced emesls. 



Barnes NM, Bunce KT. Naylor RJ. Rudd 3A . 

Postgraduate Studies in Pharmacology, School of Pharmacy, 
University of Bradford, U.K. 

The ability of fentanyl to inhibit drug-induced emesis was 
Investigated in the ferret. Initial studies established that 
morphine, In small doses (0.025-0.5 mg/kg s.c), induced 
emesis in the ferret that decreased at the larger doses of 1 
and 2 mg/kg (s.c). Fentanyl (10-80 micrograms/kg s.c.) 
failed to induce emesis but in this dose range prevented the 
emesis induced by morphine (0.5 mg/kg s.c.)/ apomorphine 
(0.25 mg/kg s.c), copper sulphate (100 mg/kg 
intragastric) and cisplatin (10 mg/kg i.v.). The antiemetic 
effects could be obtained in the absence of sedation or 
motor impairment. The antagonism by fentanyl of 
apomorphine-, copper sulphate- and cisplatin-induced 
emesis was inhibited by naloxone (0.1 or 0.5 mg/kg s.c). 
It is concluded that fentanyl exerts a broad spectrum df 
actions to inhibit drug-induced emesis. An autoradiographic 
study of the binding of [3HJDAG0 to the brainstem of the 
ferret indicated high densities of mu recognition sites in the 
area postrema, nucleus tractus solitarius, dorsal motor 
nucleus of the vagus, reticular medulla and other sites. The 
results are' discussed in terms of balanced facilitatory and 
Inhibitory opioid systems, regulating emesis and that the ' 
antiemetic actions of fentanyl reflect an important, although 
not necessarily an exclusive, action at mu opioid receptors. 

PMID: 1661861 [PubMed - indexed for MEDLINE] 
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